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Outline 
•  Importance of α-particle interactions 

• Current status of (α,n) cross sections 

• Methodology to generate 
–  17,18O(α,n) cross section covariances 

–  U and O stopping power cross section covariances 

• Results 

• Summary and conclusions 

• References 
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Motivation 
•  Within a project with LLNL and LANL to quantitatively assess 

nuc lear data uncer ta in t ies for safeguards and 
nonproliferation, ORNL focused on cross section covariance 
data for light nuclei used for neutron source calculations  

•  SOURCES4C(1,2) code is widely used in nuclear safeguards, 
spent nuclear fuel characterization, and for neutron source 
description due to spontaneous fission and (α,n) reactions 

•  Currently, in SOURCES4C libraries there is no information 
on covariance data. Therefore, no uncertainty is provided in 
the estimated neutron source intensities or emission spectra 

•  Nuclear data describing α-particle interactions on light nuclei, 
e.g., fluorine and oxygen, are essential for calculating 
neutron emission via (α,n) processes 

 

(1) W. B. Wilson et al., Report LA-UR-02-1839, LANL (2002) 
(2) R. T. Perry et al., Report LA-8869-MS, LANL (1981) 
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Goal 
•  Develop a methodology to propagate nuclear data 

covariance information in neutron source calculations from 
(α,n) reactions 

•  The approach is applied to estimate the uncertainty in the 
neutron generation rates for uranium oxide fuel types due to 
uncertainties on 
–   17,18O(α,n) reaction cross-sections 

–   uranium and oxygen stopping power cross sections.  
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Introduction 
(Current status (α,n) cross sections in SOURCES4C code) 

•  In SOURCES4C code 17,18O(α,n) cross sections are 
based on Bair’s thin-, thick-target measurements for 
lower energy 

• For incident α-energy >5MeV SOURCES4C code 
uses Hansen data properly normalized.  

Nucleus Target Eα(MeV) Unc.(%) Norm. Unc.(%)(a) 
17O thin 0.9--5.3 25 1.35 7 
18O thin 1.0--2.5 25 1.35 7 
18O thin 2.4--5.1 25 1.35 7 
natO thick 3.8--10.0 7 1.00 7 

(a) Uncertainty after normalization 
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(α,n) reaction scheme for 17O isotope 
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Schematic of the 17O(α,n)20Ne nuclear reaction process
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(2nd) Eths = 4268.5 keV
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(2nd) 4+ 4247.7 keV

(1st) 2+ 1633.7 keV

g.s. 0+

Threshold Energy for 17O(α,n+α1) reactions
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(α,n) reaction scheme for 18O isotope 
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Threshold Energy for 18O(α,n) reactions
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(7th) Eths = 6924.4 keV

(1st) Eths = 1261.5 keV



8 M.T. Pigni 

Methodology 
(to generate (α,n) cross section covariances up to 5 MeV) 

• R-matrix SAMMY code for lower energy range up to 
about 5 MeV based on Bair’s experimental data 
–  Reich-Moore parameterization of (α,n) reactions 

•  For 18O Elastic channel  (as well as spin assignment) based on 
measurement of Goldberg et al. for available excitation energies 

•  For 17O up to about 2 MeV important work of Best et al.  
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Methodology 
(to generate (α,n) cross section covariances up to 5 MeV) 
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Methodology 
(to generate (α,n) cross section covariances above 5 MeV) 

• Above 5 MeV cross sections based on West’s 
experimental data on natO 
– West’s data measured on a thick target (1.5% uncertainty) 

•  JENDL cross section data for 17O (0.038%) to 
determine 18O (0.205%) out of natO. 
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Integrating over the energy 
range 3.8 up to 5 MeV, i.e. the 
energy range common to both 
data sets, we found the average 
cross sections (black line) were 
3% lower than the West’s cross 
sections (red dots).  
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Methodology 
(to generate stopping power cross section covariances) 

•  The stopping power cross sections and the (α,n) reaction 
cross sections are both and concurrently used to compute 
the average number of emitted (α,n) neutrons 

•  Fit of ASTAR data with analytical functions 
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TABLE II. Coefficient factors and related covariance informa-
tion to compute from analytic functions of Eq. (7) the oxygen
and uranium stopping power cross section of Fig. 6.

oxygen

No. ci ±∆ci(%) Correlation matrix

1 3.439 1.12 1.000

2 0.438 0.62 -0.967 1.000

3 45.426 9.18 0.450 -0.546 1.000

4 17.111 23.21 -0.364 0.449 -0.984 1.000

5 1.458 26.84 -0.459 0.556 -0.996 0.971 1.000

uranium

No. ci ±∆ci(%) Correlation matrix

1 6.072 0.42 1.000

2 0.554 0.18 -0.965 1.000

3 368.5 2.55 0.302 -0.376 1.000

4 2.090 3.57 -0.106 0.148 -0.930 1.000

5 0.472 5.06 -0.306 0.381 -0.995 0.908 1.000

show in dashed red lines the case for which the stopping
power cross section uncertainty of oxygen and uranium
was included by the sampling of the coefficient factors
and related covariance information in the ORIGEN cal-
culations as well. In this scenario the total uncertainty
is almost doubled (about ±1%) compared to uncertainty
from the cross sections alone and includes the deviation
given by the ratio of the ORIGEN calculations to the
West data [11] (blue square dots in Fig. 7).

The results of Fig. 7 were generated by performing
50 ORIGEN calculations, and, each time randomly sam-
pling cross section libraries. The set of 50 libraries was
generated by random perturbation factors obtained from
the multivariate (normal) distribution based on the co-
variance information relative to the evaluated 17,18O(α,n)
cross sections in the α-energy range between 1–10 MeV.
The same procedure was used to generate the perturba-
tion factors for the coefficient factors reported in Tab. II
used by ORIGEN to compute the stopping power cross
sections for oxygen and uranium.

V. CONCLUSIONS

In this paper we developed a methodology to propagate
cross section covariance information to neutron source
calculations using the ORIGEN code.

First, we produced estimates of (α,n) cross section co-
variances for 17,18O in the energy range between 1–10
MeV. Particularly, up to 5.14 MeV, the covariance infor-
mation is based on the Bayesian fitting method imple-
mented in the R-matrix SAMMY code and on selected
experimental data sets. Above 5.14 MeV our results are
based on experimental cross sections on natural oxygen
for 18O as well as evaluated cross section taken from
JENDL nuclear data library for 17O. Based on the analy-

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

3.5 4.0 4.5 5.0 5.5 6.0 6.5

n
eu

tr
/α

·
1

0
+

0
8

Pigni(15)
West(82)

0.97

0.98

0.99

1.00

1.01

1.02

1.03

3.5 4.0 4.5 5.0 5.5 6.0 6.5

R
at

io
to

W
es

t(
8

2
)

Incident α energy (MeV)

(α ,n) production from U

FIG. 7. Uncertainties on (α,n) production from uranium com-
puted from covariance information on reaction cross section of
17,18O(α,n) and stopping power cross section on oxygen and
uranium. Deviation from West data [11] (in blue square dots)
is also shown.

sis on natural oxygen data we applied a +3% normaliza-
tion factor to the 17,18O cross section below 5.14 MeV.
We also estimated covariance information on the stop-
ping cross sections for oxygen and uranium. This task
was performed by the fit of stopping power cross sections
based on ASTAR data [19], i.e., the same data used to
compute the reaction cross section for natural oxygen.

Second, a set of 50 data libraries sampled from the
generated covariances was used in ORIGEN calculations
to obtain a set of randomly perturbed output responses,
such as (α,n) source. Finally, in the statistical analy-
sis of the output results that provided the mean values
and standard deviations in the calculated responses, we
found that covariance information applied to 17,18O reac-
tion cross sections leads to about 0.5% in the total (α,n)
source. When the covariance information was also ap-
plied to the stopping power cross sections of oxygen and
uranium the total uncertainty increased up to about 1%.

6
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Results 
•  Uncertainties on (α,n) production from uranium computed from 

covariance information on reaction cross section of 17,18O(α,n) and 
stopping power cross section on oxygen and uranium. Deviation from 
West data (in blue and red dots) is also shown.  
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Summary and Conclusions 
• Developed methodology to generate uncertainty on 

neutron source emission spectra based on 
–  Reaction cross sections: 17,18O(α,n) 
–  Stopping power cross sections: U and O 

• High energy data suggest a renormalization (+3%) 
of Bair’s data in the low energy range  

• Application of the method was performed on a 
simple but realistic case for uranium oxide fuel 
showing the impact of 
–  Reaction cross section is about <0.5% 
–  Stopping power cross section is about >1%  
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